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[typel] [1]
$\frac{\mathrm{i}}{\delta}(\psi^{\tau}X^{+\delta/-}-2\tau\psi_{\mathrm{x}})s/2\delta/-\frac{4}{\epsilon^{2}}(\psi^{T+}X2T-\delta+\psi_{\mathrm{x}}/2)+\frac{4}{\epsilon^{2}}(\psi_{x/}^{\tau}+\epsilon 2^{+}\psi\tau x_{-}\epsilon/2)(1+\frac{\epsilon^{2}}{4}|\psi_{X}|2T)\Gamma_{X}\tau=0$, (2)
$\Gamma_{X}^{T}=\frac{(1+\frac{\epsilon^{2}}{4}|\psi X^{-}|^{2}\tau\delta/2)(1+\frac{\epsilon^{2}}{4}|\psi_{X^{-\delta}}^{T}+\epsilon/2|/22)}{(1+\frac{\epsilon^{2}}{4}|\psi^{\tau}X|2)(1+\frac{\epsilon^{2}}{4}|\psi_{X}^{\tau}+\epsilon/2|^{2})},\Gamma \mathrm{x}+\epsilon\tau_{-\delta/2,/2}$, (3)
[type2] [2]
$\frac{\mathrm{i}}{\delta}(\psi_{x}^{\tau\delta}+-\psi^{T}x)-\frac{4}{\epsilon^{2}}(\psi_{X}^{T+}\delta\psi^{T}+x)+\frac{4}{\epsilon^{2}}(\psi TX+\epsilon/2^{+\psi)(1}x-\epsilon/2T+\delta+\frac{\epsilon^{2}}{4}|\psi^{\tau}X|2)\Gamma_{\mathrm{x}}^{T}=0$ , (4)
$\Gamma_{xX\epsilon/2}^{T}=\frac{1+\frac{\epsilon^{2}}{4}|\psi_{x_{-}\epsilon}\tau|/22}{1+\frac{\epsilon^{2}}{4}|\psi_{x_{-}\epsilon}\tau+\delta|/22}\mathrm{r}\tau-$, (5)
[type3]
$\frac{\mathrm{i}}{\delta}(\psi_{\mathrm{x}}^{\tau\delta}+-\psi^{T}x)-\frac{4}{\epsilon^{2}}(\psi X+\psi\tau+\delta \mathrm{x}T)+\frac{4}{\epsilon^{2}}(\psi_{X^{+}}^{T\delta}+\epsilon/2+\psi^{T}X-\epsilon/2)(1+\frac{\epsilon^{2}}{4}|\psi_{X}T|^{2})\mathrm{r}^{\tau}=\mathrm{x}0$, (6)
$\Gamma^{T+\delta}=\frac{1+\frac{\epsilon}{4}|\psi_{x_{-}\epsilon}\tau|/22}{1+\frac{\epsilon^{2}}{4}|\psi_{x_{-}/2}^{T+\delta}\epsilon|2}X‘\Gamma_{x-\epsilon}^{T}/2$. (7)
$\Gamma_{X}^{T}$ $\deltaarrow 0$ , $\Gamma_{X}^{T}arrow 1$ . , 3
(2) $-(7)$ $\deltaarrow 0$ , $\backslash \grave{\nearrow}=$ (SD-NLS) [3],
$. \frac{\partial\psi_{X}}{\partial t}-\frac{8}{\epsilon^{2}}\psi_{x}+\frac{4}{\epsilon^{2}}(\psi_{\mathrm{x}}+\epsilon/2+\psi X-\epsilon/2)(1+\frac{\epsilon^{2}}{4}|\psi XT|^{2})=0$, (8)
– . typel –
, type2 – , , $\mathrm{t}\mathrm{y}\mathrm{p}\mathrm{e}3$ –
.
$\mathrm{v}$
, 3 (2) $-(7)$ , , 1
. , 3 (2) $-(7)$ ,
$\psi_{1}(m_{1}, n_{1})\equiv\psi_{X}T$ , $\mathrm{r}_{1}(m_{1}\cdot, n_{1})\equiv\Gamma_{X}^{\tau}$ ,
$(m_{1}=T/\delta, n_{1}=X/\epsilon)$ [for typel], (9)
$\psi_{2}(m_{2}, n2)\equiv\psi_{x}T$ , $\Gamma_{2}(m_{2}, n_{2})\equiv\Gamma_{\mathrm{x}}^{\tau}$ ,
$(m_{2}=T/\delta, n_{2}=X/\epsilon)$ [for type2] (10)
$\psi_{3}(m_{3}, n_{3})\equiv\psi_{X}T$ , $\Gamma_{3}(m_{3}, n3)\equiv\Gamma_{\mathrm{x}}^{\tau}$ ,
$(m_{3}=T/\delta, n_{3}=X/\epsilon)$ [for type3], (11)
, typel type2 ,
$\psi_{2}(m_{2}, n_{2})=\psi 1(m1^{-}1/2, n_{1})$ , (12)
$\Gamma_{2}(m_{2}, n_{2})=\frac{1+\frac{\epsilon^{2}}{4}|\psi 1(m1n1)|^{2}}{1+\frac{\epsilon^{2}}{4}|\psi_{1}(m_{1}-1/2,n_{1})|^{2}},\Gamma_{1}(m1, n_{1})$ , (13)
$m_{2}=m_{1}+n_{1}$ , $n_{2}=-n_{1}$ (14)
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. , typel $\mathrm{t}\mathrm{y}\mathrm{p}\mathrm{e}3$ ,
$\psi_{3}(m_{3}, n_{3})=\psi 1(m1^{-}1/2, n_{1})$ , (15)
$\Gamma_{3}(m_{3,3}n)=\frac{1+\frac{\epsilon^{2}}{4}|\psi_{\iota}(m1n1)|^{2}}{1+\frac{\epsilon^{2}}{4}|\psi_{1}(m_{1}-1/2,n_{1})|^{2}},\Gamma_{1}(m_{1}, n_{1})$ , (16)
$m_{3}=m_{1}-n_{1}$ , $n_{3}=-n_{1}$ , (17)
.
, (2),(3) 1 . (2),(3) bilinear
form $\text{ }\ovalbox{\tt\small REJECT}^{\ovalbox{\tt\small REJECT}}\sim \text{ ^{}\Phi}\wedge \text{ }$ ,
$\psi_{X}^{T}=\frac{g_{X}^{T}}{f_{X}^{T}}$ , (18)
$\Gamma_{X}^{T}=\frac{f_{x+\epsilon/-}^{T}2f^{T}X\epsilon/2f^{\tau\tau}Xf_{X}}{f_{x}^{\tau+}f_{x}-\delta 2f_{\mathrm{x}+}\delta/2T/\tau-\delta\epsilon/2f_{x-}^{T}\epsilon/2+\delta//22}$ , (19)
.
$( \frac{\mathrm{i}}{b}-\frac{4}{\epsilon^{2}})g^{T}\mathrm{x}^{+}f^{T\delta}/2X--/2(\delta\frac{\mathrm{i}}{\delta}+\frac{4}{\epsilon^{2}})g_{X}^{T}f^{T}-\delta/2+\delta x/2(g_{x}T\frac{4}{\epsilon^{2}}+\epsilon/2f_{\mathrm{x}/}T\tau f-\epsilon 2g_{x_{-}}\epsilon/2x\tau++\epsilon/2)=0$, (20)
$f_{X+/^{2}\epsilon}^{\tau-\delta} \epsilon/f_{X}T2-/2^{-}f+^{s/\tau\tau}2f_{X}\mathrm{x}=\frac{\epsilon^{2}}{4}g_{X}^{T}(g_{X})\tau*$ . (21)








$= \frac{\epsilon^{2}}{4}\frac{1}{[P_{1}P_{1^{*}}-1/(P1P1)*]2}$ , (26)
$\text{ },$ $P_{1}$ $c_{0}$ . 1\sim 3 , $\epsilon$ $\delta$ , 1
. 1 $\epsilon=2.0$
, . 2, 3 $\epsilon$
, $\Gamma$ 1.0 .
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$.\mathrm{w}\mathrm{a}\mathrm{v}\mathrm{e}3\mathrm{d}\cdot---$
1-1. 1 $(|\psi|)$ 1-2. 1 $(\Gamma)$
$\epsilon=2.0,$ $\delta=1.0$ $\epsilon=2.0,$ $\delta=1.0$
wa e f —-
2-1. 1 $(|\psi|)$ 2-2. 1 $(\Gamma)$
$\epsilon=1.0,$ $\delta=0.5$ $\epsilon=1.0,$ $\delta=0.5$
3-1. 1 $(|\psi|)$ 3-2. 1 $(\Gamma)$
$\epsilon=0.05,$ $\delta=0.0001$ $\epsilon=0.05,$ $\delta=0.0001$




$(a\psi_{n}^{m}+1-b\psi_{n}m+1)(1+ab\psi n\overline{\psi}n+11mm+)-(a-b)\psi_{n}m=0$ , (27)
..
$(a\overline{\psi}_{n}^{m}+1-b\overline{\psi}n+1)(1+ab\psi n\overline{\psi}mm+m1n+1)-(a-b)\psi n+m+11=0$ . (28)
, $\psi_{n}^{m+1}=\psi(x+a,x_{2}+a^{2}/2),$ $\psi_{n+1}^{m}=\psi(x+b, x_{2}+b^{2}/2),$ $x_{2}=$-it .
$\overline{\psi}_{n}^{m}$
$\psi_{n}^{m}$
$\langle$ , (27),(28) 2
. (27),(28) $a,$ $barrow \mathrm{O}$ (1) – ,
$\iota \text{ }$ . $\text{ },\overline{\psi}nm$ $\psi_{n}^{m}$





, $\backslash \grave{\nearrow}\mathrm{g}$ (1)
[5]. , ,







(1) , (29) .
, .
[2] Crank-Nicolson ( 1)
$\frac{\mathrm{i}}{\delta}(\psi_{X}^{\tau+}\delta-^{\psi_{X}^{T})}$ $+$ $‘ \frac{\mathit{2}}{\epsilon^{2}}(\psi_{x\epsilon}^{\tau+}+/2-\delta 2\psi_{X}^{\tau}+\delta+\psi_{X}-T+\delta\epsilon/2)$
$+$ $\frac{2}{\epsilon^{2}}(\psi_{x}\tau-+\epsilon/22\psi T\psi_{x}\tau-X^{+}\epsilon/2)+2|\psi^{\tau}X|^{2T}\psi \mathrm{x}=0$ . (30)
(1) , , Crank-Nicolson .
, .
[3] Cramk-Nicolson ( 2)
$\frac{\mathrm{i}}{\delta}(\psi^{\tau+\delta}x-\psi^{T}x)$ $+$ $\frac{2}{\epsilon^{2}}(\psi_{x}^{T+}+\epsilon/2^{-2\psi^{\tau}}X^{++}\delta\delta+\psi^{\tau}x-\epsilon/2)\delta$
$+$ $\frac{2}{\epsilon^{2}}(\psi_{\mathrm{x}+}^{T\tau_{+}}\epsilon/2^{-}\psi \mathrm{x}2\psi_{X}\tau\epsilon-/2)+|\psi^{\tau}\mathrm{x}^{+\psi}\delta|^{2}\tau X+\delta+|\psi_{x}^{T}|^{2}\psi^{\tau}X=0$. (31)
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(30) , $T$ $T+\delta$ (31) .
[ ( )]
[4] Split-step Fourier a
(1) 2 ,
.
$\frac{\partial\psi}{\partial t}+\frac{\partial^{2}\psi}{\partial x^{2}}=0$ , (32)
$\mathrm{i}\frac{\partial\psi}{\partial t}+2|\psi|^{2}\psi=0$ , (33)
, , (32) (33) .
(32) Fourier . , FFT





, $(-L/2\leq x\leq L/2)$ , $|\psi(\pm L/2, t)|$
$=0$ . , .




2. $\psi_{-L/}^{0}2\psi=0,\delta-L/2\Gamma_{-}^{0}L/21=0,=$ , (5) $\Gamma_{-}^{0}L/2+\epsilon/2$
.
3. $\Gamma_{-L/+\epsilon}^{0}2/2$ , (4) $\psi_{-L//}^{\delta}2+\epsilon 2$ .
4. , $\psi_{X}^{0}$ $\psi_{X}^{\delta}$ .
. .
, , type2
, , 3 , ( ) (29)
. , (4),(5) $\epsilon,$ $\delta$ ,
$\frac{\mathrm{i}}{\delta}(\psi_{\mathrm{x}}^{\tau}+\delta-\psi_{X}\tau)-\frac{4}{\epsilon^{2}}(\psi x+T+\delta\psi_{x}T)+\frac{4}{\epsilon^{2}}(\psi^{T}x+\epsilon/2+^{\psi_{x_{-}/2}}\epsilon\tau+\delta)(1+\frac{\epsilon^{2}}{4}|\psi_{X}^{\tau}|^{2})\Gamma_{x}^{\tau}$
$=$ $\mathrm{i}\frac{\partial\psi}{\partial t}+\frac{\partial^{2}\psi}{\partial x^{2}}+2|\psi|^{2}\psi$
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$\delta(\frac{2}{\epsilon})\mathrm{i}[\frac{\partial^{3}\psi}{\partial x^{3}}+6|\psi|2_{\frac{\partial\psi}{\partial x}]}$





$\epsilon$ . (34) , $\delta(2/\epsilon)$ (29)
. ,
. , FD-NLS (4),(5) , $\epsilonarrow-\epsilon$ ,
[type2-]
$\frac{\mathrm{i}}{\delta}(\psi_{X^{+}}^{\tau}\delta-\psi_{X}T)-\frac{4}{\epsilon^{2}}(\psi\tau x+\psi_{x}+\delta T)+\frac{4}{\epsilon^{2}}(\psi\tau X-\epsilon/2+\mathrm{t}^{l^{\tau+\delta}}J\epsilon X+/2)(1+\frac{\epsilon^{2}}{4}|\psi TX|2)\Gamma^{\tau}x=0$, (35)
$\Gamma_{X+/2}^{\tau T}=\frac{1+\frac{\epsilon^{2}}{4}|\psi^{T}\mathrm{x}+\epsilon/2|\sim 2}{1+\frac{\epsilon^{2}}{4}|\psi_{x/}^{\tau+\delta}+\epsilon 2|^{2}}\Gamma_{x\epsilon}$ , (36)
. type2 , $\psi_{-L/}^{T}2^{=0}’\Gamma_{-L/2^{=}}^{T}\mathrm{o}$
, $X=-L/2$ $X=L/2$ $\psi_{X}^{T}$ . – type2-
, $\psi_{L/2}^{T}=0,$ $\mathrm{r}_{L/2}^{T}=0$ , type2
, $X=L/2$ $X=-L/2$ $\psi_{X}^{T}$ .
, , $\psi_{\pm L/}^{T}2^{=0}$ ’ ,type2 type2-
. , 1 type2 $\mathrm{t}\mathrm{y}\mathrm{p}\mathrm{e}2-$
. , type2
. , (34) , $\delta(2/\epsilon)$
. 1 1 $(\psi_{=\mathrm{e}^{\mathrm{i}X}\mathrm{s}}\mathrm{e}\mathrm{c}\mathrm{h}X)$ $T=0$
$T=1.0$ , $(\psi_{X}^{T})$ $(\tilde{\psi}_{X}^{T})$ ,
( ) . , type2 ,
, type2 $\mathrm{t}\mathrm{y}\mathrm{p}\mathrm{e}2-$
. 2 , 1 $(\psi_{=\mathrm{e}^{5\mathrm{i}}\mathrm{s}}x\mathrm{e}\mathrm{c}\mathrm{h}X)$
, type2 $\mathrm{t}\mathrm{y}\mathrm{p}\mathrm{e}2-$





$\text{ }\mathrm{l}.\tau=\mathrm{l}\text{ }(\mathrm{t}\mathrm{y}\mathrm{p}\mathrm{e}2\ \mathrm{t}\mathrm{y}\mathrm{p}\mathrm{e}005\max|\psi^{\tau}x-\tilde{\psi}_{X}T|)$
.









2. $T=1$ $( \max|\psi_{J\mathrm{Y}}^{T}-\tilde{\psi}_{X}^{T}|)$ .
1 $(\psi=\mathrm{e}^{\mathrm{i}5X}\mathrm{s}\mathrm{e}\mathrm{c}\mathrm{h}X)$ .
, . , type2 (34)
, $\epsilon,$ $\delta$ ,
$\psi_{x}^{\tau 2}=\psi_{+(\frac{\epsilon}{2})\psi_{02}}+\delta 2(\frac{2}{\epsilon})2\psi_{22}+(\frac{\epsilon}{2})4\psi_{04}+\delta^{4}(\frac{2}{\epsilon})4\psi 44+\delta^{2}\psi_{2}0+\cdots$ , (37)
. , $\epsilon$ $\delta$ , $\psi$
. , $=\epsilon,$ $2\epsilon,$ $4\epsilon$ ,
2- $\delta,$ $2\delta$ 6 ,
$\psi_{a_{PP}}r=($ $37\psi_{X}^{?}’[\epsilon, 2\delta]+923\psi_{x}^{T}[\epsilon, \delta]-1685\psi^{T}X[2\epsilon, 2\delta]$
$+$ $1385\psi_{X}^{\tau}[2\epsilon, \delta]+1423\psi_{X}^{T}[4\epsilon, 2\delta]-1408\psi_{X}^{\prime T}[4\epsilon, \delta])/675$, (38)
$\psi_{apP}r$ . , $\psi_{X}^{T}[\epsilon, \delta]$ $=\epsilon$ ,
$\iota$
$\delta$ , type2 $\mathrm{t}\mathrm{y}\mathrm{p}\mathrm{e}2-$ .
5
, FD-NLS (38) 2
. ,
, $\epsilon$ $\delta$ ,
(CPU-time) [5].
, $\epsilon$ $\delta$ .
3 1 ( $\psi=\mathrm{e}^{2}\mathrm{i}X$ sechX) $T=0$ $T=1.0$
, $(\psi_{X}^{T})$ $(\tilde{\psi}_{X}^{T})$ ( ) 0.006
. $=$
(Pentium Pro $200\mathrm{M}\mathrm{H}_{\mathrm{Z})}$ . , 4 $\psi_{=2\mathrm{e}^{2\mathrm{i}x}}\mathrm{s}\mathrm{e}\mathrm{c}\mathrm{h}2x$,
0.004 . 3, 4 , FD-NLS
(38) – . ,





. (38) – , split-step
Fourier .
Crank-Nicolson a $\epsilon=0.04$ 0.00535 2729
$(\text{ }(31))$ $\delta=0.002$
FD-NLS $\epsilon=$. $0.1$ 0.00404 4.55
( (38)) $\delta=0.0025$
split-step Fourier $\propto$ $\epsilon=0.3125$ 0.00578 0.19
$\delta=0.0143$
3. $T=1$ $( \max|\psi_{X^{-}}^{\tau}\psi_{x}^{T}|)<0.006$
. 1 $(\psi=\mathrm{e}^{\mathrm{i}2X}\mathrm{s}\mathrm{e}\mathrm{c}\mathrm{h}X)$
Cramk-Nicolson $\#$ $\epsilon=0.01143$ 0.00343 11248
(X (31)) $\delta=0.002$
FD-NLS $\epsilon=0.05$ 0.00259 30.78
( (38)) $\delta=0.0005$
split-step Fourier $\mathfrak{F}$ $\epsilon=0.15625$ 0.00378 2.93
$\mathrm{t}$ $\delta=0.0012\bm{5}$
-4–.- $T=1$ $( \max|\psi^{T}x^{-\tilde{\psi}_{X}^{T}}|)<0.004$
. 1 ‘ $(\psi=2\mathrm{e}^{\mathrm{i}2X}\mathrm{s}\mathrm{e}\mathrm{c}\mathrm{h}2X)$
Cramk-Nicolson ae $\epsilon=0.025$ 0.00342 43886
(X (31)) $\delta=0.003$
FD-NLS $\epsilon=0.05$ 0.00327 120.36
( (38)) $\delta=0.00341$
split-step Fouriera $\epsilon=0.3125$ 0.00276 3.55
$\delta=0.0075$
-5—.——-T$=15–$ $( \max|\psi_{x^{-\tilde{\psi}_{X}^{T}}}^{T}|)<0.004$
. 2 $(\eta_{1}=1.\mathrm{o},\xi_{1}=-0.5,\eta_{2}=0.5,\xi_{2}=0.3)$ .
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$=$ – , , $\iota$
. ,
. , split-step Fourier
.. ,
.
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